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ABSTRACT 
Collection of physical evidence as soon as possible after a sexual assault 
is important for obtaining the best evidence of the crime. Actions taken following 
a sexual assault, such as laundering clothing worn during the assault, may occur 
before evidence collection has begun, and can have an effect on the forensic 
laboratory analysis. 
The purpose of this study was to investigate the effects of laundering on 
spermatozoa. The effects of All®, Woolite® and bleach on sperm removal during 
washing, on sperm elution of previously laundered evidence samples, and on 
sperm transfer during washing were examined and compared. The possibility of 
sperm transfer between laundry loads was also investigated. 
iii 
Bleach was found to have a significant effect on sperm removal during 
simulated laundering. The use of detergents during washing did not prevent the 
subsequent elution of sperm with sodium dodecyl sulfate (SDS), and did not 
affect the amount of sperm transferred during washing. It was also found that 
sperm transfer between laundry loads can occur. 
These results should be considered when dealing with sexual assault 
evidence that has been laundered prior to forensic examination. Complications 
with DNA analysis on clothing may be possible due to the occurrence of sperm 
transfer during laundering either before or after a sexual assault occurs. 
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Introduction 
Sexual Assault Statistics and Reporting 
Many studies predict that sexual assault, rape or attempted rape, occurs 
in 6-20% of women in their adult lifetime [1-4], however, according to 
victimization surveys, only 15-36% of these sexual assaults are reported to police 
[2-4]. Even with early reporting and examinations, only 10-18% of sexual assault 
cases are prosecuted [2,4,5]. Many victims say that "proof' of rape in the form of 
medical and forensic evidence, as well as assistance from police and trained 
examiners helped in their decision to continue the case [2]. 
Sexual Assault Evidence and Collection 
Collection of physical evidence as soon as possible after a sexual assault 
has occurred is extremely important for obtaining the best possible evidence of 
the crime. The longer the elapsed time since the assault, the more likely loss or 
degradation of evidence is to occur [6,7,8]. Trace and serological evidence are 
collected during a medical or forensic examination. These include hairs, fibers , 
swabs from penetrated areas such as the vagina, anus, or mouth, and body fluid 
samples or stains on skin, clothing or other items. Evidence is typically collected 
using standardized "rape kits" in an emergency department by trained medical 
professionals, and photographs or documentation of injuries are also recorded 
[6,9]. One of the most important types of serological evidence in sexual assault 
cases is semen. Whether detected on vaginal or oral swabs, as ejaculate stains 
on clothing or due to vaginal drainage, semen identification can lead to 
successful deoxyribonucleic acid (DNA) recovery. The DNA profile obtained may 
be used to exclude or include a person as a contributor to the stain in question 
[6, 1 0]. 
In addition to the collection of physical evidence, a complete examination 
of a sexual assault victim includes obtaining a detailed account of the incident 
and less obvious information such as whether consensual intercourse occurred 
within 72 hours prior to the assault and the victim's actions from the time of the 
assault to the time of the report and examination. The latter details are extremely 
important pieces of information and should not be overlooked when drawing 
conclusions from forensic testing results. Sexual contact with another individual 
before the assault may lead to mixed DNA profiles, thus making necessary the 
collection of elimination samples from consensual partners [6]. The actions of the 
victim in the time after the assault can also affect physical evidence collected at 
the examination. Urination, defecation, showering, and douching may reduce the 
amount of semen and trace evidence recovered from the vagina or body [6,7, 11]. 
If oral penetration occurred, vomiting, brushing teeth, drinking, or using 
mouthwash may reduce the amount of semen obtained from the oral cavity 
[6,12]. 
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Semen Production and Concentration 
Semen is made up of secretions from the seminal vesicle (60% of 
ejaculate), prostate gland (30%), epididymis (5%) and bulbourethral gland (5%) 
and typically includes spermatozoa which contains DNA [1 0, 13]. The 
spermatozoa are produced in the testes and are housed in the epididymis until 
ejaculation occurs and the sperm are excreted with the fluids [13]. A typical 
ejaculate volume is 1.5 to 5 milliliters (ml) and contains between 107 and 108 
sperm per mi. Conditions that are defined as having lower than usual numbers of 
spermatozoa are oligospermia (oligozoospermia) and azoospermia . 
Oligospermia refers to the condition in which males have a sperm count below 15 
x 106 sperm per ml , the lower limit for normal males, [13, 14] and azoospermia is 
a condition in which no spermatozoa are present in semen [13, 15]. A vasectomy 
results in azoospermia because the ductus deferens, which connects the testes 
and epididymis to the ejaculatory duct, is severed allowing the male to ejaculate 
semen containing only seminal and prostatic fluid [13]. 
Variation in ejaculate volume and sperm count, aside from the previously 
mentioned conditions, is also possible [16, 17]. The period of abstinence between 
ejaculations, stress, alcohol or drug use, condom use, and some form of sexual 
impotence may cause variation in otherwise normal males or even no ejaculation 
at all [16, 18, 19]. Several reported types of sexual dysfunction in rape assailants 
include inability to maintain an erection, premature ejaculation , retarded 
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ejaculation or failure to ejaculate. Even though a sexual assault including 
penetration may have occurred, sufficient spermatozoa may not be detected as 
evidence [18, 19]. 
Detection and Analysis of Semen 
There are many methods used for the detection and analysis of semen in 
forensic science laboratories. Even if no spermatozoa are present in sexual 
assault evidence, other testing may still implicate sexual activity. Additional 
components of semen that can be detected are acid phosphatase (AP), prostate-
specific antigen (PSA), also known as P-30, and seminal vesicle-specific antigen 
(SVSA), also known as semenogelin [13,20]. 
Acid phosphatase is a group of phosphatases that are present in high 
concentrations in the prostate. Because of its abundance, AP is used to 
presumptively identify semen in forensic cases. The most common method for 
AP detection is by colorimetric assay. The activity of AP removes the phosphate 
group from a naphthyl phosphate, and when combined with a diazonium salt 
such as Fast Blue B, yields a color change [13,20,21]. A less common but more 
sensitive method is the fluorometric AP assay. Typically used for locating semen 
stains via mapping, 4-Methylumbelliferyl Phosphate (MUP) reagent is sprayed 
onto a garment and stains are detected as fluorescence under ultra-violet light 
[13]. 
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P-30 is a protein that is secreted into semen and hydrolyzes semenogelin , 
liquefying semen after ejaculation [6 , 13]. Semenogelin I and II are gel forming 
proteins that are present in higher concentrations in semen than P-30 and unlike 
AP and P-30, are not found in other common body fluids. The most common 
method for detecting these components is by immunochromatographic assays. 
These assays are sold as cartridges that can be used easily in the field or lab 
providing fast and easy to determine results . These cartridges contain antihuman 
P-30 antibodies which bind with P-30 in the sample, producing a visible pink line 
[13 ,22,23] . Other test cartridges implement the same technique but detect 
semenogelin instead of P-30 [13,23,24] . 
Even in the absence of sperm, positive results for P-30 or semenogelin 
strongly indicate the presence of semen, as these components are not affected 
by vasectomies and are rarely found in detectable levels in other forensically 
relevant biological fluids [13 ,20]. As DNA analysis has become more common in 
forensic science laboratories with polymerase chain reaction (PCR) and low copy 
number PCR, more advances in DNA technology have been explored [10,25]. Y-
chromosome short tandem repeat (STR) DNA profiling has provided DNA 
profiles from the male epithelial cells present in aspermic semen, even with very 
large amounts of female DNA present [7, 1 0,26]. 
The most conclusive method for identifying semen is through the 
microscopic observation of spermatozoa. Visualization of sperm under a 
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microscope is enhanced through the use of histological staining techniques 
[1 0, 13,20]. One of the most common staining techniques in forensic laboratories 
is the two-part Christmas tree stain (or KPIC- Kernechtrot Picroindigocarmine 
stain) [1 0, 13, 27]. Nuclear Fast Red stains nuclear material pink-red and 
picroindigocarmine stains cytoplasmic components green. When visualizing 
sperm microscopically, the heads will appear red with the anterior acrosomal cap 
a lighter shade of pink and the sperm tails , if present, staining green [13,20] . 
Another common staining method uses Hematoxylin and Eosin (H&E). 
Hematoxylin stains the nuclei a blue/purple color while eosin counterstains colors 
other non-nuclear material various shades of pink [28]. The KPIC stain is often 
used over H&E because of its ease in visualization for the analyst performing the 
microscopic identification [27]. 
DNA Transfer 
A forensic examination of a sexual assault victim does not always yield 
physical evidence. Victims who do not report an assault to the police or get 
examined in emergency departments by trained medical staff within 3-7 days do 
not undergo a forensic examination [1 ]. In cases where no medical or forensic 
examination has occurred, forensic analyses can still be performed on items that 
came in contact with the victim (or suspect) before, during, or shortly after the 
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assault. Materials analyzed may include items of clothing, bedding, towels , toilet 
paper, or any other items that may contain biological stains [5,6]. 
A study by Kenna et al. demonstrates DNA transfer of saliva to fabric 
when in contact with skin [8]. An assailant sucking or kissing a victim's breasts or 
other body parts can leave saliva on the skin. Clothing that came into contact 
with those areas, such as a bra or shirt, may contain DNA from the saliva 
transfer. This is particularly useful if the victim showered prior to the medical 
exam or reported the incident several days later. 
Vaginal swabs may also contain minimal or no spermatozoa if an assailant 
used a condom. In some cases this may be the only biological evidence of 
sexual assault. The exterior of a condom with the victim's DNA and the interior 
with the suspect's DNA can provide a link between the two individuals [29]. 
Biological stains may not be the only form of DNA transfer. A study by 
Exline et al. observed that pubic hair transfer can occur during sexual intercourse 
and may be useful forensic evidence [30]. If no semen transfer occurred, stray 
pubic hairs may be some of the only evidence available to place the suspect at 
the scene of a sexual assault. Hairs are not usually sent for DNA testing in the 
absence of root tissue, but mitochondrial DNA testing is possible. 
DNA transfer not only occurs from suspect to victim, but victim to suspect. 
A study by Flanagan and McAlister observed that a victim's DNA can be found 
under the fingernails of an assailant after digital penetration. The DNA under the 
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fingernails persisted even following hand washing or dish washing activities [31]. 
If a suspect is examined several days after the assault, DNA from the victim may 
still be present under the nails. 
A study by Petricevic et al. on DNA transfer to bedding reported findings 
that detectable levels of DNA were found from simply sleeping on new sheets. 
Mixed DNA samples were also found on the sheets where cohabitation in the 
bed occurred. Even when the participants slept on new sheets in a bed someone 
else had previously slept in , the sheets contained mixed DNA profiles indicating 
that DNA from the other bedding was transferred onto the new sheets [32]. 
Findings of DNA from more than one source on bedding from a sexual 
assault can lead to interpretation challenges. The DNA may have been deposited 
at the same time (e.g. as a result of vaginal drainage following sexual 
intercourse), or from separate instances of DNA transfer in which victim's DNA 
happened to be found in the same place where semen was deposited at some 
other time. If an alleged assailant claims to have had no contact with a victim and 
his DNA profile is recovered from semen on the victim's sheets, it is unlikely that 
the suspect can refute his presence. However, if the issue is consent or the 
stained item is one that both parties have previously had contact with, the mere 
presence of semen and/or DNA from multiple sources does not prove that sexual 
intercourse took place [32]. 
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If DNA transfer can occur from contact by sleeping in bedding [32], 
there is the possibility that DNA transfer can occur in other situations, including 
laundering. 
Study Objective 
Few published studies have been designed to test the transfer and 
retention properties of semen on clothing that have been laundered. This study 
was designed to evaluate the effects of simulated laundering on spermatozoa 
using two commonly available detergents and bleach In addition the possibility of 
sperm transfer from one laundry load to the next was investigated 
Materials and Methods 
Spermatozoa Concentration Determination 
Semen was collected from a single male donor, separated into aliquots 
and frozen to prevent multiple freeze-thaw cycles throughout the experiment. 
Three wells on a Shandon multi-well slide (Thermo Fischer Scientific, Pittsburgh, 
PA) were spotted with 3 microliters (IJI) of a1 :500 semen dilution and heat fixed 
using a Bunsen burner. The slide was stained with Nuclear Fast Red (X-mas 
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Tree Stain A, Serological Research Institute, Richmond, CA) and Cytoseal 280 
was used to mount the coverslip (Richard Allan Scientific, Kalamazoo, Ml). Each 
well was observed at 400x magnification using a Nikon Eclipse TE2000-S 
Inverted Microscope (Nikon Instruments INC., Melville , NY) with attached video 
camera. Spermatozoa were counted and marked using mmi CeiiCut Plus 
software (Molecular Machines & Industries, Haslett, Ml) to increase the accuracy 
of the cell counts [33] . Each well was counted three times to show counting 
reproducibility. All slides throughout the experiment were prepared in this 
manner with any modifications noted . 
The sperm concentration for 1 ml of neat semen was calculated using the 
formula: 
(#of sperm I 3 1-11) x (1 000 1-11 I 1 ml) x 500 (Equation 1) 
where the number of sperm is the average of the three wells, the 3 1-11 is the total 
volume spotted in each well, (1 00 1-11 I 1 ml) is the conversion , and 500 is the 
dilution factor. 
Part 1 Preparation: Simulated Washing Machine Cycle 
A simulated washing machine cycle was performed in the laboratory. A 
Maytag Model LAT9606 washing machine (Maytag, Newton, lA) user manual 
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was used to determine the typical amount of water in a medium load washing 
cycle to be 32 gallons (121 Liters (L)) [34]. Fifty milliliter conical tubes (Corning 
Inc., Corning, NY) were utilized; therefore the volume of water was reduced by a 
factor of 2689 to 45 mi. To simulate actual detergent use, the manufacturer 
recommended amounts of detergent for a medium load were also scaled down 
by 2689 (Figure 1 ). The detergents utilized were All® 3X Small and Mighty Ultra 
Stainlifter™: 29.5 ml (Sun Products Corporation, Englewood Cliffs, NJ), Woo lite® 
Extra Delicates Care: 59 ml (Reckitt Benckiser Inc., Parsippany, NJ), and 
Clorox® Bleach: 177.4 ml (The Clorox Company, Oakland, CA) [35-37]. An 
average ejaculate volume of approximately 3 ml was also scaled down to 1 IJI by 
2689 to fit on 1 inch by 1 inch cotton fabric swatches cut from pristine cotton 
underwear (Hanes, Bethania, NC). 
Samples Detergent Volume 
A1-A4 All® 11 IJI 
W1-W4 Woolite® 21 IJI 
B1- B4 bleach 66 IJI 
H1- H4 N/A (water only) N/A 
Figure 1: Detergent volumes used m simulated washmg cycles based on manufacturer 
recommended amounts for a medium load cycle 
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Part 1: Effects of Detergents on Spermatozoa Using Simulated Washing Machine 
Runs 
One microliter of neat semen was placed in the upper left corner of a 1 
inch by 1 inch piece of fabric cut from cotton underwear and outlined with 
chemical resistant marker. The stain was allowed to air dry for approximately 24 
hours. A total of 16 swatches were prepared. Each swatch was placed into a 50 
ml conical tube containing a magnetic stir bar, 45 ml of water and a detergent. 
The tubes were placed for 12 minutes on a magnetic stir plate to simulate the 
agitation and washing time for a normal load [34]. 
The swatches were removed from each tube, air dried overnight and then 
stored in an envelope for use in part 2. The remaining liquid was centrifuged at 
6000 x g for 20 minutes (Sorvall Biofuge Primo Centrifuge with high conic rotor -
# 757007588, Thermo Fisher Scientific). The supernatant was removed from the 
tubes leaving approximately 60 !JI. The remaining solution was vortexed to 
resuspend the pellet and slides were prepared by spotting 5 !JI into two wells and 
then counted . 
Following microscopic observation and counting , several spermatozoa 
from each detergent type were measured using a measuring tool in the mmi 
CeiiCut Plus software and photographed for comparative purposes. 
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Part 2: Spermatozoa Elution and Transfer after Washing 
The swatches from part 1 were divided into four quadrants (Figure 2). A 
cutting from the stained area in quadrant 1 and two cuttings from unstained areas 
were collected from each swatch (Figure 3). In total, four stained areas and two 
additional cuttings from each quadrant were collected for each detergent type. 
Stain (S ) l;J 
1 2 
3 4 
Figure 2: Swatch quadrants for part 1 
Run All® {A) Woolite® {W) Bleach {B) Water {H) 
1 8,1,3 8 ,1 ,4 8,1,3 8,3,4 
2 8,2,3 8,1 ,2 8 ,1,4 8,2,4 
3 8,2,4 8,2,3 8,2,4 8,1,3 
4 8,1,4 8,3,4 8,2,3 8,1,2 
Figure 3: Cuttings for taken from each swatch. S represents the stained area and 
numbers 1-4 indicate the quadrants the cutting was taken from {presented in 
Figure 2). 
The elution procedure described by Norris et al. [38] was used. A 1% 
sodium dodecyl sulfate (SDS) solution was chosen because of the increased 
elution seen in previous studies [33, 38]. Each cutting was placed into a 
microcentrifuge tube with 100 1-11 of 1% SDS and incubated for 2 hours at 42°C, 
13 
with vortexing before and after incubation . The cuttings were placed into a spin 
basket and centrifuged for 4 minutes at 5433 x g. The supernatant was removed 
leaving approximately 20 IJI in the tube. The remaining solution was vortexed to 
resuspend the pellet and slides were prepared by spotting 5 IJI into two wells and 
then counted . 
Part 3: Sperm Transfer between Laundry Loads 
A Maytag Model LAT9606 top loading washing machine was used to 
launder a mock forensic sample. The washing machine was first cleaned by 
running a wash cycle using affresh® washer cleaner (affresh Cleaners, Benton 
Harbor, Ml) and running a second wash cycle to remove any buildup that could 
have been present from previous washing cycles . 
A pristine pair of cotton underwear was stained with 1 ml of neat semen, 
outlined with a chemical resistant marker and dried for 24 hours. The stained 
underwear was placed into the washer with six other pairs of pristine underwear 
and washed with 46 ml of Great Value® detergent using the small load setting. 
The underwear was dried on medium heat in a Maytag dryer. 
The interior of the washing machine was then wiped down with pieces of 8 
inch by 5 inch dampened cotton as follows: center post bottom half, center post 
top half, bottom of washer drum (where there are no holes), drum back half, 
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drum front half, lip of drum, and under lid. The bottom of the washer was wiped 
down with an additional piece due to the excess water that had settled there. 
The size of the cotton used to wipe down the washing machine was too 
large to fit into a microcentrifuge tube, so the procedure from part 2 was modified 
to accommodate this. The 8 cotton swatches from the various sections were 
each cut into 6 pieces and then further cut into centimeter cuttings (six tubes per 
swatch), to fit at the bottom of 50 ml conical tube and covered with 5 ml of 1% 
SDS. The cuttings were incubated for 2 hours at 42°C, with vortexing before and 
after incubation. There was no spin basket available for use with the 50 ml 
conical tubes, so tulle was used to create a spin basket that could hold the larger 
amount of cuttings (Figure 4 ). 
Figure 4: Tulle spin basket 
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Preparation for using the tulle lead to the observation that sperm cells 
were being lost in the supernatant removed from the 50 ml conical tube. To 
ensure minimal sperm loss occurred during part 3, the 50 ml tubes were 
centrifuged at 10,016 x g (maximum speed for the rotor) for 4 minutes and the 
supernatant was placed into 3 microcentrifuge tubes for spinning again. The first 
2 ml of supernatant removed was designated fraction 1, the next 1.5 ml as 
fraction 2, and the remaining 1.5 ml as fraction 3. These tubes were also spun at 
maximum speed (16, 100 x g) for 4 minutes. The supernatant of these fractions 
were removed leaving approximately 20 IJI. Each pellet fraction was vortexed , 
and then 10 1-11 was spotted in each of the two wells and counted. 
Results 
Spermatozoa Concentration Determination 
The three wells were counted in triplicate and the total average number of 
sperm was determined to be 401 ± 17 .5. Therefore the average concentration of 
spermatozoa per milliliter was calculated to be approximately 66.8 x 106 . 
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Part 1: Effects of Detergents on Spermatozoa Using Simulated Washing Machine 
Runs 
The spermatozoa counts for each detergent type were compared. The 
range of recovery for All® was 47-89 sperm per 10 !JI, Woolite® was 52 -123 
sperm per 10 !JI, Bleach was 203-249 sperm per 10 !JI, and water was 37-59 
sperm per 10 !JI. The average count for All® was 66 ± 15 sperm, Woo lite® was 
71 ± 30 sperm, bleach was 230 ± 17 sperm, and water was 47 ± 8 sperm (Figure 
5). The Woolite® had one run which had almost double the sperm count of the 
other runs, thus causing a much larger standard deviation than the other 
detergents. Water (no added detergent) was found to have the most consistent 
spermatozoa counts. A two way single factor Analysis of Variance (ANOVA) was 
performed to determine if there was a significant difference between the 
detergents on sperm removal during washing (Figure 6). The F statistic of 58.91 
is larger than the F critical value of 3.49 (highlighted) indicating there is a 
significant difference between the detergents. 
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Figure 5: Average number of spermatozoa released during washing with All®, Woolite®, 
bleach and water. Error bars represent± 2 standard deviations from the mean for each 
detergent. 
ANOVA: Single Factor 
SUMMARY 
Groups Count Sum Average Variance 
All® 4 266 66.5 297.6667 
Woo lite® 4 286 71 .5 1181.667 
Bleach 4 919 229.75 375.5833 
Water 4 187 46.75 96.25 
ANOVA 
Source of Variation ss df MS F P value F Grit 
Between Groups 86210.25 3 28736.75 58.91193 1.88E-07 3.490295 
Within Group_s 5853.5 12 487.7917 
Total 92063.75 15 
Figure 6: ANOVA results indicating a significant difference between detergents: F-statistic 
> F-critical (highlighted). The bold value is the between group variation which is larger 
than the within group variation indicating that is the source of the significant difference in 
spermatozoa counts. 
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To determine which detergents were significantly different from one 
another, t-tests comparing all four detergents were performed (Figure 7). P 
values (highlighted) greater than 0.05 (a value for 95% confidence) are not 
significant while P values lower than 0.05 are significant. Bleach was found to be 
the only detergent that produced significantly different spermatozoa counts. 
a =0.05 At® Woolite® a=0.05 AI® Bleach 
Mean 66.5 71.5 Mean 66.5 229.75 
Variance 297.6667 1181.667 Variance 297.6666667 375.58333 
Observations 4 4 Observations 4 4 
Of 4 df 6 
t Stat -0.26 t Stat -12.58331315 
P(T<=t) two- not P(T <=t) two-
tail 0.807701 siQnificant tail 1.5421 E-05 significant 
t Critical two- t Critical two-
tail 2.776445 tail 2.446911851 
a =0 .05 At® Water a=0.05 Woolite® Bleach 
Mean 66.5 46.75 Mean 71 .5 229.75 
Variance 297.6667 96.25 Variance 1181.666667 375.58333 
Observations 4 4 Observations 4 4 
Of 5 df 5 
t Stat 1.990192 t Stat -8.020372599 
P(T <=t) two- not P(T<=t) two-
tail 0.103225 significant tail 0.000487063 significant 
t Critical two- t Critical two-
tail 2.570582 tail 2.570581836 
a=0.05 Woolite® Water a=0.05 Bleach Water 
Mean 71.5 46.75 Mean 229.75 46.75 
Variance 1181.667 96.25 Variance 375.5833333 96.25 
Observations 4 4 Observations 4 4 
Of 3 df 4 
t Stat 1.384694 t Stat 16.84949061 
P(T <=t) two- not P(T<=t) two-
tail 0.260159 siqnificant tail 7 .27234E-05 sianificant 
t Critical two- t Critical two-
tail 3.182446 tail 2.776445105 
Figure 7: T -tests between all detergents. P value and a value are highlighted. P values < a 
(0.05) are significantly different. 
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Part 1: Observation of Sperm Size and Staining 
Among the spermatozoa recovered from washing swatches with different 
detergents, both size and staining differences were observed (Figures 8 - 11 ). 
Most spermatozoa washed with bleach were poorly stained; a brown color was 
exhibited rather than the pink color exhibited with All®, Woolite®, and water. 
Figure 8: Photomicrograph of spermatozoa 
washed with All®, stained with Nuclear Fast 
Red (X-Mas Tree Stain A) at 400x 
magnification 
Figure 10: Photomicrograph of spermatozoa 
washed with bleach, stained with Nuclear 
Fast Red (X-Mas Tree Stain A) at 400x 
Magnification 
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Figure 9: Photomicrograph of spermatozoa 
washed with Woolite®, stained with Nuclear 
Fast Red (X-Mas Tree Stain A) at 400x 
magnification 
Figure 11: Photomicrograph of spermatozoa 
washed with water, stained with Nuclear 
Fast Red (X-Mas Tree Stain A) at 400x 
magnification 
Measurements of four sperm cells washed with each detergent were 
taken, with the length measured from the acrosomal cap to the base of the sperm 
head and the width measured across the center of the sperm head. The size 
range for sperm heads washed with All® was 4.5- 5.1 micrometers (~111) in 
length and 3.5- 3.6 ~min width; sperm heads washed with Woolite® measured 
4.9- 5.0 ~min length and 3.6- 3.7 ~min width, sperm heads washed with 
bleach measured 2.8-3.7 ~min length and 2.0-3.2 ~min width, and sperm 
heads washed with water measured 4.0 - 4.8 ~m in length and 3.0 - 3. 7 ~m in 
width. Overall, sperm exposed to bleach had smaller average length and width 
measurements than sperm washed with other detergents (Figure 12). 
Length Width 
All® 4.9 3.6 
Woo lite® 5.0 3.7 
Bleach 3.3 2.5 
Water 4.5 3.3 
Figure 12: Average spermatozoa head sizes in IJm for different detergents 
\ 
Part 2: Spermatozoa Elution after Washing 
The spermatozoa counts from the stained cuttings for each detergent 
were compared to one another. The range of recovery for All® was 76 - 151 
sperm per 10 ~1. Woolite®was 63-185 sperm per 10 ~1. bleach was 31-53 
sperm per 10 ~1. and water was 332-608 sperm per 10 ~1. The average count 
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for All® was 105 ± 32 sperm, Woo lite® was 119 ± 53 sperm, bleach was 48 ± 10 
sperm, and water was 437 ± 127 sperm (Figure 13). All the detergents except 
bleach had a very large standard deviation. Bleach was found to have the most 
consistent spermatozoa counts. An ANOVA was performed to determine if there 
was a significant difference between the detergents on sperm recovery by SDS 
elution (Figure 14 ). The F statistic of 24.68 is larger than the F critical value of 
3.49 (highlighted) indicating there is a significant difference between the 
detergents. 
,--
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Figure 13: Average number of spermatozoa recovered after elution from semen stains 
previously washed with All®, Woolite®, bleach and water. Error bars represent ± 2 
standard deviations from the mean for each detergent 
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ANOV A: Single Factor 
SUMMARY 
Groups Count Sum Average Variance 
All® 4 421 105.25 1028.917 
Woolite® 4 477 119.25 2790.917 
Bleach 4 183 45.75 103.5833 
Water 4 1748 437 16238.67 
ANOVA 
Source of Variation ss df MS F P-value F Grit 
Between Groups 373238.2 3 124412.7 24.68251 2.02E-05 3.490294819 
Within Groups 60486.25 12 5040.521 
Total 433724.4 15 
Figure 14: ANOVA results indicating a significant difference between detergents: F-
statistic > F-critical (highlighted). The bold value is the between group variation which is 
larger than the within group variation indicating that is the source of the significant 
difference in spermatozoa counts. 
To determine which detergents were significantly different from one 
another, t-tests comparing all four detergents were performed (Figure 15). P 
values (highlighted) greater than 0.05 (a value for 95% confidence) are not 
significant while P values lower than 0.05 are significant. All® and Woolite® 
were found not to be statistically different from one another and bleach and 
Woolite® were found not to be statistically different from one another, but the p 
value was close to a. All other detergents were different from one another. 
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a =0.05 AI® Woolite® a=0.05 AI® Bleach 
Mean 105.25 119.25 Mean 105.25 45.75 
Variance 1028.917 2790.917 Variance 1028.917 103.5833 
Observations 4 4 Observations 4 4 
df 5 df 4 
t Stat -0.45304 t Stat 3.536127 
P(T <=t) two-tail 0.669502 not significant P{T <=t) two-tail 0.024097 significant 
t Critical two- t Critical two-
tail 2.570582 tail 2.776445 
a=0.05 AI® Water a =0.05 Woolite® Bleach 
Mean 105.25 437 Mean 119.25 45.75 
Variance 1028.917 16238.67 Variance 2790.917 103.5833 
Observations 4 4 Observations 4 4 
df 3 df 3 
t Stat -5.04923 t Stat 2.732314 
not 
P(T <=t) two-tail 0.014984 significant P(T <=t) two-tail 0.071801 significant 
t Critical two- t Critical two-
tail 3.182446 tail 3.182446 
a =0.05 Woolite® Water a=0.05 Bleach Water 
Mean 119.25 437 Mean 45.75 437 
Variance 2790.917 16238.67 Variance 103.5833 16238.67 
Observations 4 4 Observations 4 4 
df 4 df 3 
t Stat -4.60682 Stat -6.12109 
P(T <=t) two-tail 0.00998 significant P(T <=t) two-tail 0.008765 significant 
t Critical two- t Critical two-
tail 2.776445 tail 3.182446 
Figure 15: T -tests between all detergents. P value and a value are highlighted. P values < a 
(0.05) are significantly different. 
Part 2: Sperm Transfer during Washing 
The most sperm transfer occurred with water; slightly lower and similar 
numbers of sperm were observed with All®, Woolite®, and Bleach (Figure 16). 
An AN OVA was performed to see if there was a significant difference between 
24 
the amounts of transfer between detergents (Figure 17). The F statistic of 1.25 is 
less than the F critical of 4.06 indicating that there is not a significant difference in 
the amount of sperm transferred with the use of different detergents. 
All® Woo lite® Bleach Water 
Total 10 8 12 20 
Quadrant 1 0 2 6 5 
Quadrant 2 2 3 0 8 
Quadrant 3 5 1 3 1 
Quadrant 4 3 2 3 6 
Figure 16: Results of sperm transfer. For each detergent type, 2 unstained areas were 
collected from each quadrant. The total number of sperm and the number of sperm by 
quadrant for each detergent are shown. 
ANOVA: Single Factor 
SUMMARY 
Groups Count Sum Average Variance 
0 3 10 3.333333 2.333333 
2 3 6 2 1 
6 3 6 2 3 
5 3 15 5 13 
AN OVA 
Source of Variation ss df MS F P-value F Grit 
Between Groups 18.25 3 6.083333 1.258621 0.351762 4.066181 
Within Groups 38.66667 8 4.833333 
Total 56.91667 11 
Figure 17: ANOVA results indicating no significant difference between detergents: F-
statistic < F-critical (highlighted). The bold value is the within group variation which is 
larger than the between group variation indicating that the source of variation is not 
coming from the different detergent type being used. 
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Part 3: Sperm Transfer between Laundry Loads 
Spermatozoa were recovered from 7 of the 8 swatches used to wipe the 
interior of the washer. The only region that yielded no sperm was the lip of the 
washer drum. Between 2 and 12 sperm were observed in each of the remaining 
areas (Figure 18). 
Lip of Drum 0 
Drum Front Half 2 
Bottom of Drum (2n" Swatch) 2 
Under Lid 3 
Drum Back Half 5 
Center Post Top 6 
Center Post Bottom 6 
Bottom of Drum (1 5 Swatch) 12 
Figure 18: Sperm transfer results from interior regions of the washing machine. 
Discussion 
This study was designed to evaluate the effects of laundering on 
spermatozoa. In forensic casework evidence may be submitted that has been 
laundered between a sexual assault and the forensic examination, or evidence 
may have been recently laundered before a sexual assault occurs. It is possible 
that DNA transfer may occur from an uninvolved person during the laundering 
process, resulting in DNA from multiple sources. 
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The simulated washing cycle was designed to observe the effects of 
different detergents and bleach on spermatozoa during a washing cycle. The 
spermatozoa collected following these washes represent the spermatozoa that 
are theoretically removed from the clothing during the washing cycle and rinsed 
away inside a washing machine. 
The results of the statistical analysis show that the use of bleach as a 
detergent increased the amount of sperm washed away over the other 
detergents. The amount of spermatozoa recovered from the wash water 
containing bleach was more than double the amount recovered when using the 
other detergents or water alone. The active ingredient in bleach, sodium 
hypochlorite, removes stains from surfaces and kills bacteria and viruses [37]. It 
is a strong oxidizer that breaks down fatty acids by saponification and neutralizes 
amino acids, which breaks apart stains. Chlorine is eventually released and 
interferes with cell metabolism disrupting bacterial and viral mechanisms [39]. 
Sodium hydroxide (lye) is another ingredient in bleach that helps the removal of 
soils from clothing [37]. These ingredients are not found in All® and Woolite® 
and may contribute to the removal of spermatozoa from clothing. The amount of 
sperm removed during washing with All® and Woolite® were not statistically 
different than washing with water alone. This shows that the presence of water 
alone (coupled with the agitation from the washing cycle), contributed to the 
removal of some spermatozoa from clothing and that the ingredients in 
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detergents such as All® and Woolite® do not appear to significantly increase this 
removal. 
The use of bleach as a detergent also provided an observation of sperm 
head staining and size that was different than with the use of All®, Woolite®, or 
water. Most spermatozoa heads washed with bleach appeared brown after 
staining with the X-mas tree A stain instead of the characteristic pink exhibited by 
spermatozoa washed with All®, Woolite®, or water. The edges of the 
spermatozoa heads were not as well defined, particularly at the acrosomal cap. 
These differences could lead to interpretation issues when microscopically 
identifying sperm, especially when vaginal cells, bacteria, and other debris are 
present in the samples. The poor contrast and lack of definition in the sperm 
head may lead an analyst to erroneously conclude that no spermatozoa are 
present, when in fact their appearance has been altered through exposure to 
bleach. 
The size of the bleached spermatozoa heads was also measured to be 
shorter and narrower than the other sperm examined. A study by Gao et al. using 
a scanning electron micrograph, observed the effect of different osmotic 
conditions on spermatozoa. The hypoosmotic/hypotonic solutions caused 
swelling in sperm heads while the hyperosmotic/hypertonic solutions caused 
shrunken sperm heads [40]. Hyperosmotic/hypertonic solutions have greater 
osmotic pressure and contain a higher concentration of salts. Sodium chloride 
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bleach as a stabilizer [37] and could be the cause of the smaller sperm head 
appearance. 
After the swatches were washed with different detergents, they were 
extracted in SDS to mimic evidence in a sexual assault case that may have been 
previously laundered before processing in a forensic examination . More 
spermatozoa were eluted from the swatches that had previously been washed in 
water alone than those washed with bleach, All®, and Woolite®. For these 
samples, the elution with SDS was the first time a detergent was introduced to 
the spermatozoa; for the bleach, All®, and Woolite® samples, it was the second 
time the sperm had been in contact with a detergent. Water alone also released 
the least amount of sperm during washing compared to the use of detergents. 
This means more sperm remained on the swatch in part 1, allowing for a greater 
number of sperm to be eluted in part 2 of the experiment. It is likely that these 
extra sperm are released from the fabric during the SDS extraction, causing the 
stains previously washed only with water to have the most sperm released during 
elution. 
Previous studies have examined spermatozoa transfer and DNA recovery 
on washed clothing [41 ,42]. A study by Kafarowski et al. , [41] placed semen 
stained pair of cotton underwear three pristine pairs of cotton underwear, and 
various pristine articles of clothing or towels into a washing machine. The items 
were washed in a 1 0-minute warm wash/cold rinse cycle using phosphate-free 
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detergent and then machine dried. No visible stains or AP activity was detected 
on the semen stained underwear after laundering. This was expected since 
washing should remove visible traces of the stain when "cleaned", and AP is a 
water-soluble molecule and was likely washed from the garment The three 
pristine pairs of underwear were cut in 18 areas (many in the crotch area) and 
extracted for microscopic sperm identification due to transfer. All of the pristine 
pairs of underwear had small amounts of spermatozoa present after machine 
washing, indicating sperm transfer occurred during this process. The stained 
underwear was also examined for sperm retention and it was noted that although 
the amount of sperm remaining in the original location had decreased, it was 
significantly higher than what was transferred to the other articles in the wash 
[41]. 
A study by Farmen et al. [42] detected the presence of spermatozoa after 
being machine washed at 40 °C and 60 °C degree temperature settings (80 and 
90 minutes respectively), and investigated whether a DNA profile could be 
obtained if sperm was present. Multiple pairs of stained cotton underwear were 
machine washed with fabric softener (no detergent use was mentioned) in the 40 
or 60 °C wash cycle. The pairs of underwear were air dried and stored at room 
temperature until examined (within 5 weeks after laundering). No AP activity was 
detected after laundering but PSA was detected on underwear that was washed 
in the 40 °C cycle. Some spermatozoa were observed on all of the underwear 
washed in the 40 oc cycle and on some washed in the 60 °C cycle. All the 
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underwear subjected to DNA analysis yielded DNA profiles with higher recovery 
from the 40 °C samples. Fabric softener appeared to have no effect. 
The sperm transfer results in the present study are in agreement with the 
study by Kafarowski et al. [41], that investigated sperm transfer during 
laundering. Because sperm were only deposited on one quadrant of each 
swatch, sperm found on other areas of the swatch result from sperm being 
released from the original stain and re-deposited while the swatch is being 
washed . Spermatozoa transfer was observed with all detergent types, including 
water alone, however, the detergent type did not significantly affect the amount of 
transfer during washing. 
Sperm transfer between laundry loads was investigated by collecting 
samples from the washing machine following the washing of a semen stained 
pair of underwear. Spermatozoa were found on all regions of the washing 
machine interior except the lip of the washer drum. The most sperm were 
recovered from the bottom of the washing machine, which was wiped down twice 
because of the large amount of water remaining after the wash cycle. Since no 
drain holes were present in this portion of the drum, excess water remains in this 
area allowing for greater sperm retention compared to other regions of the 
washing machine. Wet clothing that is removed from the bottom of the washing 
machine may be particularly likely to contain sperm resulting from transfer. 
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Sperm was also found in larger quantities on the center post. Even though 
the post is vertical , equal amounts of sperm were found on the top half and the 
bottom half, instead of gravitating to the bottom. The post is wrapped with an 
incline plane and the base of the entire post is fairly wide , providing some 
horizontal surfaces for the sperm to collect on. This is another area where water 
containing spermatozoa can be retained after washing. Even areas of the washer 
that did not come into direct contact with the clothing during washing , such as 
under the lid , were found to contain sperm. This region was very damp and water 
ran down the lid when it was opened. The force of the washing machine 
splashed water onto the lid allowing for sperm to remain there once the lid was 
opened. 
Spermatozoa were transferred to many areas in the washing machine and 
if another load of laundry was washed following the load in the experiment, it can 
be inferred that the spermatozoa remaining could be transferred to the new 
laundry load during washing. It is not likely that most individuals clean or wipe 
down the interior of the washing machine between loads of laundry, so 
spermatozoa transfer is likely to occur to the subsequent loads. 
There were some limitations with this experimental design. The 50 ml 
conical tubes used throughout the experiments had a very wide bottom 
compared to a standard 2 ml microcentrifuge tube. The slope of the conical 
portion was also less steep compared to the microcentrifuge tubes. This tube 
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shape may have prevented the spermatozoa from forming a tight pellet at the 
base of the 50 ml tubes during centrifugation , possibly causing spermatozoa to 
be removed in the supernatant. With the possibility that little or no spermatozoa 
could be present on the interior of the washing machine, maximum speed during 
centrifugation and further centrifugation in microcentrifuge tubes were performed 
for part 3. It is also possible that the maximum speed of the rotor for the 50 ml 
tubes (1 0,016 x g) may not been fast enough to pellet the sperm efficiently, as 
sperm was found in multiple fractions. Since some sperm loss was known to 
have occurred , the percent of spermatozoa removed by the detergent in part 1 
was unable to be calculated. The comparison of detergents was still investigated 
since all the runs were performed under the same conditions. 
Sperm transfer during laundering can lead to difficult interpretations in 
sexual assault cases with laundered evidence. If evidence is washed in a 
machine with laundry from a cohabitating male or with clothing worn after a 
consensual sexual act, the possibility of sperm transfer can cause difficulty in 
determining the probative value in a sexual assault case. In cases where a 
child's clothing is washed together with family clothing or bedding, a small 
amount of detected spermatozoa can raise questions about whether or not 
sexual assault could have occurred. If DNA from sperm belonging to a father, 
older brother, or other male cohabitating with the child is found on the child 's 
clothing , a mistaken case of incest or sexual abuse may appear to be 
substantiated. 
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This study was performed using a personal washing machine, however, 
clothing laundered using public machines, such as those in a laundromat, 
dormitory, or apartment complex with a communal laundry room, may provide a 
unique issue. The study by Farmen et al. showed that a DNA profile can be 
obtained from transferred spermatozoa if enough are present for PCR [42]. If a 
sexual assault victim provides items of evidence that have been laundered in a 
public machine and DNA evidence is viable, interpretation could be difficult. 
Unknown contributions from clothing previously laundered in the same machine 
could potentially complicate the DNA profile, particularly since no elimination 
sample could be provided. If transferred sperm contains sufficient DNA for 
analysis , an innocent person using a public machine could be linked to a sexual 
assault by the presence of his spermatozoa. 
Further Research 
With evidence of sperm transfer between laundry loads, experiments 
providing DNA analysis could be useful in evaluating potential problems with 
DNA profiles obtained from laundered evidence. Items containing sexual assault 
evidence that are laundered with unrelated semen stained clothing from a 
cohabitating male and the use of public washing machines can be investigated to 
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determine if it is likely for mixed DNA profiles to be recovered as a result of 
transfer or sequential washings. 
The effect of laundering on samples including vaginal contributions should 
be used to mimic sexual assault evidence often received in forensic laboratories. 
Observations of transfer should also be investigated using front load washers 
due to the difference in surface area available for spermatozoa deposition and 
different agitation during washing . The absence of a center post in a front load 
washer changes how the clothing interacts with the washer and other articles 
while spinning during the cycle and may affect the amount of sperm remaining in 
the drum. 
Conclusion 
The purpose of this study was to evaluate the effects of laundering on 
spermatozoa. The results indicate that detergent type had an effect on the 
amount of sperm released during washing , with bleach showing a significant 
increase. The results of elution with SDS indicate that spermatozoa can be 
obtained from clothing that has been laundered prior to examination, and that 
laundered samples are still valuable pieces of evidence in a sexual assault case. 
Detergent use was found not to affect the amount of sperm transfer that can 
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occur during washing, and no particular quadrant of the swatch had significantly 
higher or lower instances of sperm transfer. Spermatozoa transfer was also 
found to be theoretically possible between laundry loads. These results should 
be considered when dealing with sexual assault evidence that has been 
laundered. Complications with DNA analysis could occur due to sperm transfer 
during laundering of sexual assault evidence; if DNA is recovered from laundered 
evidence, the laundering conditions and possible cohabitation conditions should 
be considered during analysis and interpretation. 
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